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Abstract
Colliding wind binaries (CWBs) are unique laboratories for X-ray astrophysics. The massive stars in
these systems possess powerful stellar winds with speeds up to∼3000 km s−1, and their collision leads to hot
plasma (up to ∼ 108K) that emit thermal X-rays (up to ∼10 keV). Many X-ray telescopes have observed
CWBs, including Suzaku, and our work aims to model these X-ray observations. We use 3D smoothed
particle hydrodynamics (SPH) to model the wind-wind interaction, and then perform 3D radiative transfer
to compute the emergent X-ray flux, which is folded through X-ray telescopes’ response functions to
compare directly with observations. In these proceedings, we present our models of Suzaku observations
of the multi-year-period, highly eccentric systems η Carinae and WR 140. The models reproduce the
observations well away from periastron passage, but only η Carinae’s X-ray spectrum is reproduced at
periastron; the WR 140 model produces too much flux during this more complicated phase.
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1. Smoothed Particle Hydrodynamics
The wind-wind interaction of CWBs is modeled with an
SPH code (Okazaki et al. 2008) that launches SPH par-
ticles from two point masses; these wind particles are
accelerated according to a β=1 velocity law. The calcu-
lation includes radiative cooling, which is implemented
via the exact integration scheme (Townsend 2009), and
uses a cooling function from Cloudy (Smith et al. 2008).
Solar abundances are assumed throughout.
Figure 1 shows the density (top row) and temperature
(bottom row) structure in the orbital plane of a 3D SPH
simulation of η Carinae (period P = 5.54 yr, eccentric-
ity e = 0.9). The left panels show the axis-symmetric
shock cone at apastron, which stems from the low or-
bital motion. Near periastron, however, significant spi-
ral distortion occurs, which necessitates the use of 3D.
Interestingly the hot gas between the stars, which is nor-
mally the site of the maximum X-ray emission since the
collision is head on and the densities are highest, dis-
appears around periastron. Two effects cause this; the
primary wind encroaches into the acceleration region of
the secondary wind, so the shock velocity is not as high,
and the shock switches from adiabatically cooling to ra-
diatively cooling. The steep dependence of the shock
velocity on whether a shock in a CWB is adiabatic or ra-
diative (∼v4, Stevens et al. 1992) means this transition
happens quickly. After periastron the secondary wind
collides with primary wind over all solid angles, but the
dominant X-ray emission comes from between the stars.
WR 140 (P = 7.9 yr, e = 0.881) shows similar behavior
to η Carinae, except that the spiral distortion around pe-
riastron recovers much quicker since the terminal speeds
of the two winds are more similar. Also the stellar radii
are smaller, so the winds always collide at or near termi-
nal speed, and thus there is always hot gas between the
stars. See Russell (2013) for more details on the SPH
calculations and the full parameters for each CWB.
2. X-ray Radiative Transfer
The model X-ray flux is computed directly from the SPH
simulations by solving the formal solution of radiative
transfer, which we do by modifying the SPH visualiza-
tion program Splash (Price 2007). The emissivity (so-
lar composition is assumed except for the WC wind in
WR 140) is from APEC (Smith et al. 2001), which is ob-
tained via XSpec (Arnaud 1996), the circumstellar ab-
sorption is from windtabs (Leutenegger et al. 2010), and
the ISM absorption is from TBabs (Wilms et al. 2000).
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Fig. 1. Density (top) and temperature (bottom) in the orbital plane of η Carinae at three phases. These hydrodynamic quantities vary
significantly throughout the orbit, indicating that the model X-ray emission will as well.
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Fig. 2. Suzaku spectra of η Carinae at apastron (blue/gray) and
periastron (red/black). The soft X-ray flux of η Carinae comes
from a large region far outside the central colliding wind region
(note that it does not change as a function of phase), so it is
beyond the scope of our modeling.
The radiative transfer is performed along a series of 1D
rays through the SPH simulation; this creates a pixel
map that is then summed to determine the flux at a
particular energy. The radiative transfer calculation is
looped over energy to compute a spectrum, and this is
finally folded through the response function of an X-ray
instrument to directly compare the model spectra with
the data in absolute units.
Figures 2 & 3 compare the model X-ray spectra of η
Carinae and WR 140, folded through the Suzaku XIS
response function, with the data. The agreement is
good for all four observations shown, providing more ev-
idence that the mass loss rate of η Carinae’s primary is
∼10−3M yr−1 (Hillier et al. 2001). The model does
not match the WR 140 observations at periastron (not
shown); the spectral shape is good, but the model flux
level gets ∼3× too high at its worst disagreement, re-
quiring further work to resolve this discrepancy.
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Fig. 3. Suzaku spectra of WR 140 at apastron (blue/gray) and shortly
before periastron (red/black). Data from Sugawara et al. (2011).
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